Building energy standards are the minimum requirements for energy-efficient design and construction for new and renovated residential and commercial buildings. Standards can have a major role in enhancing the thermal behavior of the building by providing the appropriate guidelines and recommendations for each particular community. This was the motivation in issuing the Egyptian Energy Code for Residential Buildings (EECRB) which were presented by Housing and Building National Research Centre in Egypt (HBNRC) in 2006. These standards relied on valuable studies carried out by the center in 2000, aiming to achieve a better performance and thermal comfort for the occupiers. However, materials and recommendations for these standards did not enter the framework of implementation so far. Articles of the Egyptian Construction Law issued in 2008 did not include any clause or reference to these standards, as the building regulations for new communities did mention neither materials nor recommendations of Egyptian energy standards. Can Egyptian energy standards help to maintain a quality indoor environment for residential buildings for existing and new urban communities is the question this study seeks to address. This study explores the current situation, with a preliminary analysis of how the (EECRB) may not be able to deliver its 'sustainable energy standards' goals due to the ways in which 'thermal behavior and building performance' are assessed and how they behave in real world situations. A comparative study with the Code for Sustainable Homes (CSH) in the UK has been done. The study demonstrates that further research, policy changes and practical improvements are needed to deliver sustainable energy for existing and new urban communities. More comprehensive guidelines should be given to designers to ensure the delivery of sustainable buildings is not hampered whilst also failing to meet energy standard goals.
INTRODUCTION
Building codes address many of a society's most important concerns, including public health and safety, and environmental protection. Building codes also address cost efficiency and investment value. In large part, building codes establish a building's quality, safety and energy performance for years to come, because initial design and construction decisions determine operational and maintenance costs for the life of the building. Building equipment and other components may be replaceable and upgradeable, but many aspects of building performance are "designed in" at the beginning, and are too expensive and difficult to change. People spend nearly 90 percent of their lives inside buildings, according to the U.S. Environmental Protection Agency, which is clarify why building codes and design decisions have major impacts on buildings' users. Some requirements such as fire safety codes and structural standards affect users in obvious ways. Others, such as energy standards including thermal performance, lighting quality, acoustics and indoor air quality also have major effects on health and productivity.
Building energy standards (BES), is a set of minimum requirements for building design, construction and operation to protect public health, safety and the natural resources that sustain users, help them "build it right" at the beginning when it matters most. BES can now offer enhanced protection against the threats of natural disasters and terrorism to make our communities more resilient, sustainable and livable for generations to come. BES provide guidance on how to design, build and operate buildings to achieve these goals. They also provide an insurance industry grappling with the effects of climate change and extreme weather with a baseline for estimating and managing risk. This helps to control or lower the cost of insurance premiums (Evans et al., 2017) . But BES are effective only if they are enacted into law and enforced by state and local governments or authorities.
Buildings consume vast amounts of natural resources, accounting for about 50 percent of total energy consumption in Egypt (Hanna, 2013) . Therefore, BES that produce more valuable guidelines should benefit builders in addition to owners. On the residential side, the relatively small percentage increase in construction costs for homes built under BES is more than offset by improved quality and safety. Likewise, a home costing less to own and operate should produce a higher return at sale and resale. The new BES are making a major contribution toward solving energy and environmental problems. The average residential building in Egypt wastes far too much energy because it was not designed and constructed with energy efficiency as a priority. This is unacceptable especially with the increase in energy prices and the abolition of subsidies expected through the near future in Egypt. Furthermore, this is inappropriate at a time when best practices for sustainable design are widely known and taught, when energy efficient appliances and equipment are a growing percentage of suppliers' and retailers' inventories, and given the multiple benefits of reducing energy consumption of buildings.
Code, Standard and Specification
There are many differences between code, standard and specification terms that must be highlighted when "code" or "Standard" as a term is addressed in this study. Standard can be defined as a set of technical definitions and guidelines -or simply a "how to" instructions for designers and manufacturers. It gives all the necessary requirements for the product, service, and operation. A designer will use the standard to design the product, and a manufacturer will use the standard for the manufacturing of the product. Standard serves as a common language for defining quality and establishing safety criteria for the product. But when governmental bodies or authorities adopt the standard and become legally enforceable, or when it has been incorporated into a business contract, the standard will become a "code". This simply the difference between "Standard" and "code". Specifications provide specific or additional requirements for the materials, components or services that are beyond the code or standard requirements. Specification is generated by private companies and engineering firms to address additional requirements applicable to a specific product or application. Table 1 summarizes the differences between these terms. 
BUILDING ENERGY CODES AND STANDARDS
In the past decade, building environmental assessment methods have emerged in many parts of the world as a legitimate means to evaluate the performance of buildings across a broad range of environmental issues. One of the major challenges for building environmental assessment is to place building performance within a wider context of environmental sustainability. To assess the environmental sustainability of buildings, a number of technological, ecological and sociocultural factors are involved. The building's energy performance is usually the key element in the evaluation process and will constitute a significant portion of the overall assessment results. With growing interest and importance of BES in many worldwide locations, it is possible to make use of the requirements in the BES to support the sustainability assessment of buildings. In order to do that effectively, the nature and characteristics of the codes must be understood and the trends of code development have to be considered.
Code for Sustainable Homes (CSH)
The 
Energy Efficient Code (EEC)
The . In order to ensure the success of a planned wide-spread compliance with the code, HBNRC organized many programs to implement the code. These programs take many years and include such activities as developing compliance forms and procedures, in addition to enforcement inspection procedures and checklists. Moreover, create appropriate energy code administration structure with the authority, staffing, and technical support applying the Egyptian energy code (Hanna, 2013) . The Egyptian Energy Code for Residential Buildings (EECRB) be considered as a step forward to achieving sustainability in residential buildings sector, it specifies minimum building requirements to improve both thermal and visual comfort in non-conditioned buildings as well as conditioned buildings. The code gives minimum performance standards for building windows and openings, natural ventilation and thermal comfort, ventilating and air conditioning equipment, natural and artificial lighting and electric power. A great effort has been made to ensure its applicability in residential buildings sector in Egypt (Hanna, 2004) .
LITERATURE REVIEW
A large and growing body of literature has systematically and comprehensively reviewed implementation of BES across countries on both local and international scale. Baniassadi et al.
(2018) investigated the role of evolving building energy codes aiming to understand how the evolution of energy codes affects the resiliency of buildings to heat. Whole-building energy simulations were undertaken to high-rise residential apartment buildings under a three-day power outage scenario with a three-day heat wave. Results showed that in most climate, indoor conditions exceed critical thresholds during modeled scenario. The observed increase in frequency and intensity of hot weather events in urban areas around the world and research that suggests a more extreme future, the resiliency of the built environment to heat has become a major concern for planners and policymakers. Chan (2018) evaluated the impact of solar panel devices on thermal performance of buildings and its implication to building energy code in subtropical climates. Three exciting buildings were used as a case study. It was found that solar panel devices have a significant effect in reducing heat gain ranging from 14% to 38%. It was recommended to incorporate the effect of solar panel devices into the overall thermal transfer value regulation and to other building certificate schemes and energy codes. McManus el at.
(2010) studied the current situation with preliminary analysis of how the code for sustainable homes in the UK may not be able to deliver its sustainable energy goals due to the way in which low and zero carbon technologies are assessed and how they behave in real world situation. Results indicated that further research and policy changes are needed to deliver sustainable energy for residential sector and ensure the delivery of new housing is not hampered whilst also failing to meet energy goals.
Enker and Morrison (2017) examined the application of socio-technical transition theory to the residential building sector with Australian energy policy as a case study. Evolution of building energy efficiency standards through the Australian national construction code is scrutinized by benchmarking the building energy against international best practice. Results provided a twofold contribution to research in the domain of building energy policy by making the connection between transition theory and the role of building energy code, and by demonstrating the practical application and utility of a structured building code benchmarking process. O'Malley et al. (2014) carried out a cross-sectional study to evaluate the efficacy of the code of sustainable homes (CSH) in the UK. The study attempted to map (CSH) against LEED and CASBEE aiming to encourage assessment beyond physical boundaries of a building and into its immediate context and surrounding environment. A critical review of the latest literature was conducted to establish the general concepts and principles behind (CSH) following this, differences, positive and negative aspects of the three assessment methods were established through review of their official documents and by cross-referencing the different components, methodologies and assessment criteria of each. 2015) studied the feasibility of the government achieving its objective of all new housing having a zero carbon rating by 2016, through the implementation of (CSH). Findings identified barriers that prevent the UK housing sector from achieving zero carbon housing, including cost, legislative, cultural and technical impediments. Many studies focused on the Egyptian context; Hanna (2015) investigated green pyramid rating system and the potential of energy efficiency, renewable energy and green building codes to reduce depends of the fossil fuel in Egypt. The aim was to introduce the Egyptian efforts to improve the quality of life and highlight the barriers facing residential sector to deliver more sustainable buildings.
MATERIAL AND METHODS
Building energy codes are instruments that guide and specify the direction for improving energy efficiency practices. Legislations can take the form of regulations, guidelines, standards, codes, and others. They may call for voluntary or mandatory actions. Countries can implement codes with various levels of stringency: voluntary codes, mandatory codes, or some mixture depending on the region or state. This stringency metric is a basic reporting of the status of the building codes in a country. In Egypt, the national government does not have authority to pass mandatory building codes. Articles of the Egyptian unified building Law number 119 issued in 2008 and it executive appendix ministerial decree number 144 issued in 2009 did not include any clause or reference to these standards (Ayyad and Gabr, 2012) , as the building regulations for new communities did mention neither materials nor recommendations of Egyptian energy standards. In contrast, the UK create mandatory building energy codes that cover the entire country (Young, 2014) . For this study, we look at the comprehensiveness of the building codes for both countries. For example, prescriptive requirements may be the insulation levels for building envelope components or equipment efficiencies for lighting and HVAC systems. The system/component performance requirements try to combine the consideration of several parameters and provide "trade-off" among them in the compliance process, such as the calculation of overall thermal transmission. The energy budget/cost method offers the greatest flexibility to manipulate the design parameters since it considers in its evaluation the total energy consumption for the building as a whole. Compliance through the energy budget/cost option will need to study and estimate the likely consumption levels based on the integrated performance of the areas concerned. Since the energy budget/cost method is complicated and demanding, it is usually done by computer simulation and modelling. This study compares the EECRB against CSH the in the UK which come as a result of development in the international sustainability policy; consequently this study will assess the major components or criteria of BES, CSH and their use in new developments. The study will conclude with a review of the positive outcomes of the Egyptian code on the sustainable energy standards. This will include policy changes, proposed practical improvements and strategies amid to at achieving sustainability targets
DISCUSSION AND CONCLUSION
It is apparent from the comparative study that Egypt is still in the process of implementing the EECRB, whereas the UK has been much more successful in achieving their energy efficiency targets or has made more effective energy regulations. However, it could be claimed that Egypt succeeded in progressing towards realizing sustainable architecture. The Code for Sustainable Homes CSH was more comprehensive and all its categories is weighted according to scoring points system. CSH determined nine sustainability categories including energy and Co2 emissions, water, materials, surface water run-off, waste, pollution, health and well-being, management and ecology. The weight factor of these categories is 36.4, 9.0, 7.2, 2.2, 6.4, 2.8, 14.0, 10.0, 12.0% respectively. That clearly clarifies why it can be considered as a detailed-points scoring system not only energy standards. The Egyptian Energy Code for Residential Buildings (EECRB) comprises nine chapters including scope and compliance, general requirements, building envelope, natural ventilation and thermal comfort, heating ventilation and air conditioning, service water heating system, lighting, electrical power, whole building performance, in addition to definition, abbreviation and acronyms chapter. Despite both codes covered many practical examples in their parts, and many mandatory requirements as shown in Table 2 , EECRB did not apply scoring points for each chapter and there is a lack in dealing with existing , renovated and retrofitted buildings, so that more comprehensive guidelines should be included in EECRB to feed designers with the importance and influence of each category on building energy performance to ensure the delivery of sustainable buildings goals. Moreover, there is a lack in communication between all parts of design and construction process; there is no mention of the feedback received from designers, developers and wider stakeholders.
In terms of stringency and coverage, CSH is well established and mandatory in most of its categories and cover many types of residential buildings, while the EECRB can be considered as a voluntary code and it was not clear the type of residential buildings this code should cover. For the technical requirements, the study analyzed that insulation of building envelope, window ufactor and shading, solar heat gain coefficient, lighting efficiency, heating and cooling requirements, technical installations were coved in both codes. Design requirements including architectural programming requirements for all the functions in the building and their relationship to one another, including energy efficiency targets, primary functions, occupancy and time of use, daylight potential and electric light requirements, indoor environmental quality standards, equipment and plug loads, acoustic quality, and safety and security, are still missing or neglected in EECRB and should be added and highlighted in updated versions. Moreover, prescriptive requirements and energy budget/cost method should be considered as it offers the greatest flexibility to manipulate the design parameters in the initial phase of design. Table 3 highlighted some of voluntary requirements of energy codes. Ensuring the most effective enforcement of building codes is challenging for many countries because often the responsibility lies with local governments that may be understaffed and underfunded. In addition, it is difficult to obtain data on the levels of enforcement in each country for similar reasons. However, many efficiency experts agree that enforcement is one of the most important elements to the building energy code because it ensures compliance and effective savings. In addition, many countries have implemented incentives and disincentives to help push contractors and home builders to comply with the codes. In this study, an attention is given to capture these efforts and shine a light on some of the most robust policy packages. The authorities in the UK agree that enforcement is one of the most challenging aspects of building energy codes, but one of the most important aspects of ensuring that codes are implemented and savings are realized. So that they couple building energy codes with incentives and robust policy packages, such as local enforcement, accreditation of applicants, post-occupancy control, energy performance certificates, positive labeling for building beyond the minimum building code level, energy offsets/green certificates. Similar incentives should be implemented and coupled with energy efficient codes in Egypt, taking into account the social and cultural aspects.
Like many other urban cities, the buildings in Egypt play a significant role in determining the environmental sustainability of the society. Investigation on the existing building environmental assessment methods in the world shows that the energy criteria is a key factor in the evaluation process. To express the assessment criteria unambiguously, a comprehensive definition of sustainability and building energy performance to suit local needs is important. Proper coordination of the requirements in the building energy codes and the environmental assessment scheme is needed. This study aimed at answering the question of can Egyptian energy standards help to maintain a quality indoor environment for residential buildings for existing and new urban communities. This study explores the current situation, with a preliminary analysis of how EECRB may not be able to deliver its 'sustainable energy standards' goals due to missed or neglected measures, and more comprehensive guidelines should be given to designers to ensure the delivery of sustainable buildings is not hampered whilst also failing to meet energy standard goals. The study has shown that at present, the existing building energy codes in Egypt are prescriptive in nature. To provide greater design flexibility and encourage innovative design, it is important to move towards performance-based approach and consider the integrated whole building performance in the design and evaluation. To obtain these advantages in the environmental sustainability assessment of buildings, further efforts are needed to integrate the requirements of building energy codes and the performance concept into the sustainability assessment process. This will help to strengthen the technical base of and confidence with the assessment method in Egypt.
